not. 3 Warf et al. found that both older age and certain etiologies (postinfectious and MMC) were associated with a higher chance of ETV success in the Ugandan population. 25 Other smaller studies have reported conflicting information on the role of age, etiology, and other factors on the impact of success after ETV. 1, 8, 9, 15, 19 Kulkarni et al. described multinational series; predictive strategies have been used to create success scores for various populations. 10, 11, 25 However, it remains to be seen if a national sample has similar ETV success compared with these site-specific studies.
The availability of large secondary administrative databases allows for the opportunity to examine practices in a wide variety of academic and community settings across the US. While administrative claims data have been used to explore topics in adult neurosurgery, 13 it has not been used to investigate ETV in children. This study aims to use a large administrative database to describe the current practice, correlates, and effectiveness of ETV in pediatric patients in the US.
Methods

Data Source
The MarketScan database (Truven Health Analytics) is a collection of health insurance claims for working adults and early retirees with employer-sponsored health insurance and their dependents. For the current project, we used the MarketScan Commercial Claims and Encounters database, constructed from paid claims for employee-sponsored health insurance for 2003 to 2011, representing 17 million enrollees in 2003 to 52 million enrollees in 2011. The Commercial Claims and Encounters database contains 7 tables, including inpatient admission, facility header, inpatient service, outpatient service, population, outpatient pharmaceutical claims, and enrollment. In this study, we used the inpatient admission, inpatient service, outpatient service, and enrollment tables. Within these tables, we used records from January 1, 2003 , to December 31, 2011. All pediatric patients were covered under their parents' employer-sponsored health insurance. The study received exempt status from the University of Chicago and Baylor College of Medicine institutional review boards.
Patient Selection
For the initial procedure hospitalization, we queried inpatient service tables for all hospitalizations for patients 0 through 19 years of age in which the following Current Procedural Terminology (CPT) procedure codes were recorded: 1) ETV codes: 62200, 62201; or 2) shunt placement codes: 62220, 62223. These codes and associated dates of procedures were used to determine the type and timing of index and follow-up surgeries. For each patient, the first occurrence of ETV in the database at 19 years or younger was considered the index procedure.
Follow-Up Data
For the included patients, we examined details of any subsequent hospitalization in the inpatient service and inpatient admission tables from the date of the index procedure until the end of the records in 2011. Analysis was then based on initial and subsequent hospitalizations for ETV or shunt.
ETV failure was defined as any subsequent surgery for definitive treatment of hydrocephalus after the initial ETV surgery (i.e., repeat ETV or placement of a VP shunt). Time to failure was computed from the date of initial ETV surgery and date of subsequent procedures. Temporary CSF diversion measures such as ventricular puncture, lumbar puncture, and external ventricular drain placement were not included. Death was not included as an end point as noninpatient deaths are not captured in MarketScan. However, inpatient deaths were examined.
To determine duration of postoperative follow-up, we used the enrollment table to obtain the final month of insurance enrollment for each patient. End of follow-up was the last day of the final month of enrollment, typically because of change in annual election of health insurance plan or change of employment. Those with continuing coverage at the conclusion of the study period were assigned end dates of December 31, 2011, the last date in the database. For inpatient deaths, the date of hospital discharge for any reason with death as the discharge status was treated as the end of follow-up. Thus, follow-up ended on the earlier of the date of discharge status of deceased or last day of the final month of enrollment. Postoperative follow-up time was calculated as the difference between the end of follow-up and the date of the initial procedure. Two patients were excluded because their index surgeries occurred during long hospital admissions with surgery and discharge after insurance enrollment ended.
Covariates
Age in years on the date of index admission was reported in the inpatient admission tables; date of birth was not available in MarketScan databases due to their de-identified nature. For those 0 years of age a variable based on the Major Diagnostic Category and Diagnosis Related Group of the admission indicated whether the admission was for maternity/neonate or other reason. Patients with this indicator were considered to be neonates, and age was estimated from the earliest date of admission and date of ETV. We assigned patients estimated to be younger than 182 days old to age group 0 to < 6 months, and the remaining patients 0 years of age were assigned to age group 6 months to < 1 year. Sex, geographic region, year, and length of stay (LOS) were reported in the inpatient admission tables.
We classified patients by hydrocephalus etiology based on International Classification of Diseases, Ninth Edition-Clinical Modification (ICD-9-CM) diagnosis codes reported for the index hospitalization in the inpatient admission tables. Indication for ETV surgery was determined based on previously published methodology using administrative data to examine pediatric hydrocephalus and CSF shunts. 17 We reviewed the ICD-9-CM diagnosis codes, focusing on those that occurred at a frequency of ≥ 1% of the study population. We assigned etiology at the time of ETV with the concurrent assignment of one of the following groups of diagnosis codes: IVH 
Statistical Analysis
We summarized the distribution of patient demographics and surgery-related characteristics using descriptive analyses. Mean values are presented as the mean ± SD. We performed chi-square tests for bivariate analyses of categorical variables and the Mann-Whitney U-test for continuous variables. Kaplan-Meier plots were used to estimate overall survival as well as 1-, 2-, and 5-year survival rates. The association of age, sex, year, region, etiology, index LOS, and history of prior shunt with survival was quantified using hazard ratios estimated from multivariate Cox proportional hazards models. Multivariate logistic regression was used to examine factors associated with second ETV versus shunt among ETV failures. We conducted a sensitivity analysis to examine the effects of mortality and changes in insurance coverage before the end of the study period. We used 2-sided tests, with p values < 0.05 considered to be statistically significant. All statistical analyses were performed with Stata (version 12, StataCorp).
Results
Cohort
Five hundred one patients ranging from 0 to 19 years of age were identified as having undergone an index ETV procedure from the years 2003 to 2011, inclusive. The sample represents 4.1 (95% CI 2.3-5.8) to 7.3 (95% CI 5.9-8.7) index ETV procedures per million enrollees and dependents of enrollees 0 to 19 years of age in 2003 and 2011, respectively. Forty-six percent were female. The mean age ± SD was 8.8 ± 6.4 years ( Table 1) . Six patients were 0 to < 6 months, 84 patients were 6 months to < 1 year, 168 patients were 1 to < 10 years, and 243 patients were 10-19 years. The distribution of etiology during index surgery was 41.7% tumor, 24.4% congenital/aqueductal stenosis, 3.6% MMC, 1.4% IVH, 2.2% meningitis, 1.4% trauma, and 25.4% other. The study period was The mean LOS for the entire cohort was 10.3 ± 22.9 days. The LOS encompassed a wide range, and the influence of outliers is reflected in the mean (range 0-279 days, 10th percentile 1.0 day, 25th percentile 2.0 days, 50th percentile 4.0 days, 75th percentile 10.0 days, 90th percentile 24.0 days). Length of index hospitalization was longer in the patients with ETV failure, with a mean of 8.2 ± 20.3 inpatient days for the ETV success group and 15.4 ± 27.5 inpatient days for the ETV failure group (p = 0.001). The failure group had more total all-cause admissions subsequent to index ETV surgery than the success group.
Mortality rates did not differ between the groups. Sixteen inpatient deaths (3.19%) were associated with this pediatric ETV cohort. The median number of days to death was 157 days (interquartile range 55-297 days, range 13-587 days) following the index surgery. Half of these patients had 1-4 subsequent surgeries or admissions between the index procedure and death. Seven died during an admission for an ETV-related surgery (median 35 days, range 13-339 days following the index procedure) at ages 0-16 years. Fourteen of the 16 inpatient deaths occurred in patients with tumor diagnoses; the other 2 cases included 1 patient in the IVH category and 1 in the "other" category.
Patients underwent on average 1.9 ± 1.8 years of follow-up after the index surgery. Follow-up duration ranged from 1 day to 8.9 years with a median of 1.3 years. Sensitivity analysis showed that results were not changed when the sample was restricted to minimum 1-month and minimum 3-month postoperative follow-up times. The ETV success and ETV failure groups did not differ in duration of follow-up (p = 0.28).
End Points
Endoscopic third ventriculostomy was successful in 71% of the cohort as a whole, with 354 of the 501 patients not having a subsequent surgery. Overall success rates for the entire population of patients is shown as survival in Fig. 1 . By Kaplan-Meier estimates, the 6-month, 1-year, 2-year, and 5-year ETV overall success rates were 73.5%, 70.8%, 68.9%, and 62.8%, respectively. The mean time to failure was 109.9 ± 233 days. The median time to failure was 24 days with a range of 1-1330 days. Of those in whom failure occurred, the failure occurred in 57.1% in the first 30 days, in 75.5% in the first 90 days, and in 85.0% in the first 6 months.
Kaplan-Meier estimates of ETV success rate stratified by age showed increasing success with older age (Fig.  2 ). These curves were significantly different by log-rank analysis (p = 0.001). The 1-year ETV success rates for the 0-to < 6-month, 6-month to < 1-year, 1-to < 10-year, and 10-to 19-year age groups were 50.0%, 48.7%, 76.3%, and 75.1%, respectively. Up to 3 years after the index procedure, success rates did not differ between the 1-to < 10-year and 10-to 19-year age groups. While the majority of failures occurred within the first 6 months across all age groups, those occurring at 1-19 years of age showed a bimodal distribution of failures with a dip in the KaplanMeier estimates between 2.5 and 3.5 years after the index ETV surgery. This second failure time point was more pronounced in the 1-to < 10-year age group such that 5-year success rates were significantly higher in the 10-to 19-year group compared with the 1-to < 10-year age group and also the < 1-year age group. The 5-year success rates for the 6-month to < 1-year, 1-to < 10-year, and 10-to 19-year age groups were 48.7%, 58.7%, and 69.7%, respectively. All remaining patients in the 0-to < 6-month age group were lost to follow-up after 2 years.
Kaplan-Meier estimates of ETV success over time stratified by hydrocephalus etiology are shown in Fig. 3 . The 1-year ETV success rates for congenital, tumor, MMC, trauma, meningitis, and other were 64.0%, 75.9%, 65.5%, 85.7%, 36.4%, and 75.3%, respectively. The 6-month ETV success rate for IVH was 14.3% (all remaining patients with IVH were lost to follow-up by 1 year). The 2-year success rates were similar to the 1-year rates. The congenital/aqueductal stenosis patients had a second round of failures between 2.5 and 3.0 years following ETV, and the tumor group had a similar round of failures at about the same time. The 5-year ETV success rates for congenital, tumor, MMC, and other were 52.3%, 61.4%, 65.5%, and 75.3%, respectively. All remaining patients who suffered trauma were lost to follow-up after 3 years.
In the multivariate regression model for factors asso- ciated with ETV failures, the 0-to < 6-month age group had an HR of 2.91 (95% CI 1.00-8.49, p = 0.051) and the 6-to 12-month group had an HR of 2.31 (95% CI 1.41-3.76, p = 0.001) compared with those 10-19 years of age (Table 2) . Sex, region, and year of ETV did not impact ETV success. Controlling for the other factors, LOS for index surgery also had no impact on ETV success (HR 1.00 [95% CI 1.00-1.01], p = 0.061). Similarly, etiology
was not significantly associated with ETV failure. However, history of prior CSF shunt was significantly associated with ETV failure with an HR of 2.47 (95% CI 1.70-3.59, p < 0.001) compared with no history of prior shunt (Table 2) . Table 3 summarizes the characteristics of the patients who experienced an ETV failure and underwent repeat Table 4 ). The outcomes in follow-up after repeat ETV are as follows: among those with a second ETV, 34.3% had a second failure. The range of time to the second failure after repeat ETV was 2-784 days, median 10 days, mean 94.8 ± 228.6 days.
Second Treatment
Effects of Censoring
The sensitivity analysis tested the effect of mortality and changes in health insurance prior to the end of the study period on the Kaplan-Meier estimates of median time to failure overall and by age group. Change in health insurance causes loss to follow-up in MarketScan claims data. We wanted to examine the effect of these activities on the study results. Although 28% of the sample was censored for these reasons, the median time to failure was similar when this group was excluded or was assumed to have failure the day after changing insurance. The 1-, 2-, and 5-year ETV survival was slightly better for patients younger than 1 year old when the informatively censored patients were excluded; other age and etiology groups did not differ. This suggests that the changes in insurance did not substantially affect the conclusions of the study.
Discussion
This study examined a large administrative claims data set representing up to 52 million persons per year to identify ETV procedures and outcomes of 501 children across the US over 9 years from 2003 to 2011. The overall ETV success rate at 1 year was 70.7%. We found that age younger than 1 year and patients with a history of prior shunt were more likely to have ETV failure when adjusting for etiology and other factors. This is the first study to use population-based administrative claims data to examine ETV outcomes.
Our findings are consistent with other reports of ETV success rates. For example, Drake reported 1-and 5-year success rates of 65% and 52%, respectively, based on 368 Canadian patients. 3 Kulkarni et al. reported a 6-month success rate of 66.3% in 618 patients collected from 3 countries. 10 Kadrian et al. reported an 89% overall longterm success rate in a patient population that included both children and adults. 8 Due to the national population-based nature of this administrative claims data set, the results are more generalizable than institution-based studies.
We found a second round of failures around 3 years after the index ETV procedure in the children 1 to < 10 years of age and in tumor and aqueductal stenosis cases. Early ETV failures are more common than late ETV failures, although many of the largest ETV studies to date do not include this length of follow-up. 11 Late rapid deterioration has been described with a mean of 2.5 years (as late as 7.8 years) after index ETV, 2 although late failure events may not be captured in this data set. The use of administrative data limits our long-term evaluation in the present study, as subjects who change insurance provider are lost to follow-up. However, the suggestion of a second distinct period of risk for ETV failure is consistent with previous reports of late failures and highlights the importance of long follow-up in subsequent large clinical series that study ETV. Age and history of prior shunt were the only significant predictors of ETV success in the present study, with index LOS approaching significance. We found that older children had a higher chance of avoiding subsequent surgery for hydrocephalus treatment. Success at 1 year for the < 1-year age group was 48.7%, while it was 75.1% for the 10-to 19-year age group. Drake found that only age had a significant effect on outcome with shunts failing in younger patients at higher rates. Factors included in their model were age, sex, etiology of hydrocephalus, previous surgery, center volume, and surgeon volume. 3 The ETV success score paradigm described by Kulkarni et al. has over 50% of the weighted score attributable to age alone. In that study, the model for prediction of ETV success found that age, cause of hydrocephalus, and previous shunt were all important and independent predictors of ETV success, with age being the strongest predictor. 10, 11 This algorithm for estimating ETV success has been validated by review of select published case series 12 and by other groups in single-institution retrospective studies. 4, 14 None of the hydrocephalus-related diagnoses in these data had a significant association with ETV success. While some authors reported no correlation of hydrocephalus etiology with ETV outcomes, 3, 8, 19, 21 others have found etiology to be predictive of ETV success. 1, 9, 10 Etiology of hydrocephalus accounts for up to 33% of the possible points in the aforementioned ETV success score paradigm. 10 A notable limitation of administrative databases, the MarketScan database included, is that ICD-9 coding with insurance claims may not be as reliable in classifying diagnoses as clinical studies. Therefore, it is unclear if we can confidently delineate the impact of hydrocephalus etiology on ETV success.
One-quarter of patients in whom ETV failed underwent repeat ETV and 76% received shunt placement. Those who had repeat ETV tended to be older (mean 9.3 ± 6.3 years) and had a shorter index length of stay than those who had later shunt placement (mean 7.0 ± 7.1 years, p = 0.08). Time to ETV failure was also longer in the repeat ETV group. Taken together, this may reflect surgeons' willingness to choose repeat ETV in children who may be older, with fewer comorbidities requiring shorter index hospital stay, and who had relatively better response to the initial ETV. Among those who underwent repeat ETV, 34.3% of patients had a second failure, giving a 65.7% overall rate of success in this group. Our study has 2 notable strengths. First, administrative claims data including MarketScan and Medicare are routinely used for population-based comparative effectiveness research. 13 This data source reduces the common biases that result from selecting patients from particular surgeons, institutions, or regions, and reflects a nationally representative range of skill level and institutional size and volume. Although the data are not weighted to the national population, this reflects ETV outcomes in the real-world setting of up to one-sixth of the US population. Thus, the results are roughly generalizable to the pediatric neurosurgery community. Administrative data are useful for additional research questions including those concerned with care across multiple settings and total resource utilization and cost. Second, this methodology allows us to evaluate a relatively large number of children (n = 501).
Despite these strengths, a few notable limitations are present in this study. Various patient and clinical details cannot be discerned. Specific anatomy and imaging characteristics are not available. However, these are not suspected to be correlates of ETV failure and choice of second surgery. As patients and procedures were selected for this cohort using ICD-9-CM diagnosis and CPT procedure codes, we are cognizant that miscoding may be present. While CPT codes for billing associated with surgeries are less ambiguous, ICD-9 diagnosis codes may vary in clinical precision and quality control. Simon et al. used the same ICD-9 diagnosis codes to classify etiology using the Kids' Inpatient Database and found only 47% of patients to be classifiable. 18 Here we are able to classify 75%. Third, there is no separate CPT code for choroid plexus cauterization, so the possibility exists that the effects of choroid plexus cauterization, if done, may confound outcomes results. 22 Non-hospital death is not captured as an end point. Finally, this study is retrospective and uses only the private payer category of health insurance coverage in the US, and this is not representative of all demographic strata.
Patients had on average 1.9 ± 1.8 years of follow-up after the index surgery, which may seem short for a cohort spanning from 2003 to 2011. The follow-up duration for this study was stopped at the time of a change in insurance enrollment or end of data availability, which occurred in almost 30% of patients. In MarketScan databases, patients were lost to follow-up after changing health insurance policies, parental job change, or outpatient death. Additionally, the largest sample was for 2011, with the end of the database at the end of the year. Nevertheless, 85% of failures were within 6 months of the index ETV. Moreover, the ETV success and failure groups did not differ in follow-up duration (p = 0.28). The sensitivity analysis did not indicate that the loss to follow-up biased the results. Our results should be interpreted cautiously and with the understanding of the inherent limitations of the data source. We do not represent these data as a replacement for clinical retrospective data, prospectively collected data, or randomized data. This study aims to leverage the strengths of the large reach of administrative data to generate a large sample size and to show patterns in care and utilization across the nation.
Conclusions
Use of a US population-based administrative claims data set shows ETV success in a cohort of 501 pediatric patients to be 70.8% at 1 year. Of the ETV failures, average time to failure was 109.9 days. ETV success was more likely among children 1 year and older and those with no history of prior shunt. One-quarter of these patients who experienced ETV failure underwent repeat ETV and 76% underwent shunt placement. This study reflects ETV practice in the US from 2003 to 2011. Further studies to examine outcomes, longitudinal costs, and health care utilization in this population are warranted.
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